method of increasing foot blood flow when this was reduced by the vasoconstricting effect of hyperbaric oxygen.
Normal feet have been assumed to have had a resting blood flow which ensured an oxygen availability to the tissues which was at least adequate for normal tissue requirements. Oxygen consumption has been used as a measurement of overall tissue metabolism. Guyton et al. (1964) suggested that oxygen is the most flow-limited tissue nutriment, and a blood flow that provides the tissues with adequate oxygen probably meets all other requirements. When oxygen availability was increased in the feet of normal subjects in this study there was no corresponding increase in oxygen consumption. It is unlikely that tissues with no oxygen need can be induced to consume more oxygen by simply increasing oxygen availability.
The peripheral vasoconstricting effect of hyperbaric oxygen alone (stage 2) reduced foot blood flow in normal subjects and offset the tenfold increase in Pao2. Oxygen availability was no higher in stage 2 than in stage 1, and the vasoconstriction is believed to be a protective phenomenon shielding the tissues from the deleterious effect of hyperoxia. This phenomenon was also seen in both subgroups of ischaemic feet. The greatest fall in foot blood flow (47%) occurred in the normal subjects, and with the significant fall in oxygen consumption these feet seem to have adjusted their metabolism to the prevailing blood flow. In stage 3 when the blood flow increased above the resting level the oxygen consumption of normal feet increased, but only to return to the normal resting level.
Subgroup L, ischaemic feet with an ini._al blood flow, significantly higher than normal, reduced their blood flow by only 11 0/ when exposed to hyperbaric oxygen in stage 2.
This could be due to either an inability of the vascular system to vasoconstrict or an attempt to maintain or even increase the oxygen availability in response to the raised Pao2. When oxygen availability was significantly increased in stage 3 the oxygen consumption increased. These feet would therefore seem to have had an oxygen need not fully met by their resting blood flow and when more oxygen was made available it was immediately utilized by the tissues.
Subgroup H, ischaemic feet with a high initial blood flow and therefore high oxygen availability, had an oxygen consumption higher than subgroup L feet. When oxygen availability was increased in stage 3 there was no corresponding increase in oxygen consumption. These ischaemic feet appeared to have spontaneously increased their resting blood flow to meet an oxygen need, or at least to the limit of the tissues' ability to utilize oxygen.
There increase blood flow in the deep veins of the leg, during and after surgical procedures, by a variety of methods. These include early ambulation (Nelson, 1944) , raising of the legs (Pearson, 1954) , elastic compression of the legs (Wilkins et al., 1952) , exercise machines (Gibbs, 1959) , and electrical stimulation of the calf muscles (Doran et al., 1964) . Doran et al. (1964) showed that the velocity of venous blood flow in the leg reached its lowest level during operation and argued that this was the most important period to try to increase it. They showed that the velocity of venous blood flow could be increased by stimulating the calf muscles with an intermittent galvanic current. Doran and White (1967) reported the results of a clinical trial of the effect of this method on the incidence of deep vein thrombosis and pulmonary embolism. Their results were encouraging but not wholly acceptable because the diagnosis of deep vein dtrombosis was based on physical signs, a method of assessment which has been shown to be notoriously unreliable (Sevitt and Gallagher, 1959; Negus et al., 1969 (Flanc et al., 1968; Negus et al., 1968 The details of the experiment were fully explained to the patients and their written consent was obtained.
Calf Muscle Stimulation
The stimulating current was provided by a mains-operated SS Electronics Diagnostic Stimulator Type V MkIII or by a battery-operated Medelec TS2 stimulator. The calf muscles were stimulated to contract briefly and intermittently every two seconds by a square-wave galvanic current transmitted by two electrodes, one attached to the back of the calf just below the lowver border of the popliteal fossa and the other to the posterior surface of the lower third of the lower leg. The stimulating electrodes were thin sheets of tin plate, 12 by 9 cm., covered with stockinet and liberally coated with "sloppy" electrode jelly. (The use of bare metal plates carries a risk of burning owing to uneven skin contact.)
The stimulating voltage was adjusted to produce a brisk plantar-flexion of the foot without violent movement of the leg. The pulse width was 30 msec. Pulses longer than this were only marginally more effective in producing good muscle contractions, and are theoretically more likely to produce skin erythema and blistering. Armitage, 1960 
Results
The trial was stopped when the sequential analysis (see Fig.) Deep vein thrombosis occurred in five of the stimulated left and four of the stimulated right legs (see Table II ), and in (Kemble, 1970) King's College Hospital (215 patients) (Kakkar, 1970) St. Table III . The mean figures of these three prospective studies show that nearly one-third of all patients undergoing surgery develop a deep vein thrombosis and that this occurs in both legs in one-third and in one leg equally in the remaining two-thirds. As the incidence of calf vein thrombosis is the same in both legs our method of matching one leg against the other is acceptable and the difference between the incidence of thrombosis in the stimulated and non-stimulated legs is highly significant.
The final analysis of all 110 patients, 23 with thrombosis in the non-stimulated leg and nine in the stimulated leg, was undertaken using McNemar's test of matched pairs to take into account the fact that the two treatment groups (stimulation and no stimulation) followed a natural system of pairing. When Doran and White's (1967) observations that stimulation of the calf muscles during a surgical operation significantly reduces the incidence of deep vein thrombosis. Since their work was published studies using the l1I-fibrinogen method have shown that most postoperative venous thromboses are detectable very soon after operation (Flanc et al., 1968; Negus et al 1968) , implying that the so-called "post"operative deep vein thrombosis is probably "intra"operative in origin, confirming their view that any prophylactic method should start during rather than after the operation.
Though the method of stimulation that we used significantly reduced the incidence of deep vein thrombosis it did not completely abolish it. We feel that the method of repeated brisk contractions of the calf muscles as described by Doran and White (1967) is more effective in promoting the "pump action" of the calf muscles and in increasing the velocity of venous blood flow than the techniaue of slower contractions described by Moloney and Fell (1968) . We have not, however, compared the two methods. The "rapid contraction" method usually doubles the venous flow velocity from its resting level (Doran et al., 1964; Browse, Jackson, and Negus, unpublished observations 
B\uLD
We used a square-wave galvanic current as described by Doran et al. (1964) (Browse, 1962 )-induced by the muscle contractions, and an increase in blood fibrinolytic activity which is known to be stimulated by muscle activity (Feamley, 1965 The venous thrombosis which most often gives rise to fatal pulmonary embolism develops in the upper femoral or iliac veins (Mavor and Galloway, 1967) . No such thrombi have been detected in this trial. The 'l5I-fibrinogen uptake test is not accurate above the groin, but no patient has shown clinical evidence of either iliac vein occlusion or pulmonary embolism. It is reasonable to suppose that the twofold increase in the velocity of venous blood flow in the upper femoral vein produced by calf muscle stimulation will inhibit thrombus formation at this site if it does so in the more distal veins of the thigh and calf.
Pulmonary embolism is a common postoperative complication and has been held responsible for the death of about 1 in every 900 patients undergoing surgical operation (Pilcher, 1937; Murley, 1950) , and deep calf vein thrombosis is often followed by venous incompetence which eventually causes chronic swelling and ulceration of the legs. The importance of adequate prophylaxis requires no further emphasis. Several methods of prophylaxis have been described (Browse, 1970) . So far only anticoagulants (Sevitt and Gallagher, 1959) , calf stimulation, and the infusion of dextran 70 (Ahlberg et al., 1968; Lambie et al., 1970) have shown encouraging results. Possibly the combination of an intravenous agent and calf muscle stimulation would provide the most effective prophylaxis, without the logistic problems and serious complications that abound when anticoagulants are used.
The high incidence of deep vein thrombosis during surgery and the serious effects of thrombus propagation and fragmentation make effective prophylaxis mandatory. This study has shown the simplicity and effectiveness of calf muscle stimulation, and we believe that this method should be used on all patients undergoing a major surgical operation.
